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1. Introduction
At the RAN1 #81 meeting, some discussions were carried out about the HARQ-ACK feedback of MTC PUSCH [1] – [3]. Generally, two issues were discussed: the first one is related to the UL HARQ feedback schemes and the other is the UL HARQ timing.
In this contribution, we continue the discussion of UL HARQ feedback issues. More specifically, we firstly show our preference for the MPDCCH-based UL HARQ feedback scheme. Then the issues on the UL HARQ timing when applying the MPDCCH-based UL HARQ feedback for MTC UEs operating coverage enhancement (CE) are presented. Finally, possible solutions to the UL HARQ timing issue are discussed
2. Discussion on the UL HARQ Feedback 

For the normal UEs, HARQ ACK/NACK feedback for the UL data transmission is carried out on the PHICH. However, MTC UEs with reduced bandwidth of 1.4 MHz cannot receive the PHICH. Therefore, alternative mechanisms for HARQ ACK/NACK feedback should be considered for MTC UEs. In general, possible solutions can be organized as the follows:
·  Direction 1: Introduce new narrow-band PHICH

·  Direction 2: Use MPDCCH

One of the benefits for Direction 1 would be the overhead reduction in the control channel. On the other hand, new design for this narrowband PHICH requires significant standardization effort. Furthermore, multiplexing the new PHICH with the PDSCH and M-PDCCH incurs additional implementation complexity and specification impact.
For Direction 2, uplink HARQ feedback is performed by using the MPDCCH. Obviously, this direction requires only simple and little standardization efforts. Compared to Direction 1, the signaling overhead is possibly increased. However, considering that a compact DCI may be applied and some other complementary methods to reduce signaling overhead such as one HARQ feedback for multiple UEs, the possible shortage of signaling overhead will not be an essential problem.
Based on the above analysis, Direction 2 seems a more reasonable solution for UL HARQ feedback.
Observation: Reusing MPDCCH for the UL HARQ feedback is the preferable way.
In the legacy UL HARQ, 4ms interval is used for the timing relationship between UL transmission and UL HARQ feedback, i.e. HARQ feedback A/N bit is sent 4ms after the UL transmission. However, this timing relationship needs to be changed for MTC UEs operating CE.
For the MPDCCH transmission for the UEs operating CE, it was agreed that the possible starting subframe of repetition is restricted. One example is illustrated in Figure 1 where the starting subframes for monitoring the M-PDCCH are periodically appeared. Due to this restriction, the UL HARQ feedback possibly faces the problem that there is no M-PDCCH starting subframe when performing UL HARQ feedback if the existing UL HARQ timing is reused. As shown in Figure 1, HARQ on the MPDCCH is required to be transmitted in subframe k + 4 based on the existing UL HARQ timing while subframe k + 4 is no longer the candidate MPDCCH starting subframe due to the restriction.
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Figure 1.  Uplink HARQ timing problem due to restrictions of MPDCCH starting subframe
In order to solve this problem, the following two alternatives can be considered.
– Alt 1: Allow asynchronous timing relationship between UL data and HARQ feedback
– Alt 2: Additional starting subframes definition for the UL grant transmission 
In Alternative 1, the starting subframes for monitoring the M-PDCCH are periodically appeared and the timing for UL HARQ transmission is relaxed from traditional k + 4 to asynchronous k + x, where k is the last subframe of PUSCH transmission and k + x is one of the candidate MPDCCH starting subframes. The value of x should be no smaller than 4 (x> or = 4 ms). As illustrated in Figure 2, from the perspective of UE behavior, MTC UEs start to detect the UL HARQ feedback from the first possible MPDCCH starting subframe which necessitates the new UL HARQ timing rule.
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Figure 2.  Asynchronous timing

Alternative 2 introduces additional candidates for starting subframes of UL HARQ MPDCCH transmission. The UL HARQ timing still satisfies a synchronous timing of k + 4 ms. As shown in Figure 3, the starting subframes for the MPDCCH include two subsets:
· Subset 1: Subframes determined by repetition level or configured periodicity
· Subset 2: Subframes which need UL HARQ feedback
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Figure 3.  Include additional subsets for starting subframe of MPDCCH transmission
When MTC UE operating CE expects a UL HARQ feedback from eNB, UE only needs to detect MPDCCH-based UL HARQ feedback at the starting subframes belonged to Subset 2. Otherwise, UL grant and DL grant are both detected at the starting subframes which belonged to Subset 1.
From the current observations, both alternatives have good properties of successful UL HARQ feedback and unambiguous UE behaviors. For both alternatives, standardization effort in defining MPDCCH transmission set is inevitable, while Alt.2 could avoid additional effort in defining new asynchronous UL HARQ timing. In addition, Alt.2 shows some advantage in power saving over Alt.1 due to reduced active time. Hence, Alt.2 seems more desirable. 
Proposal: The UL HARQ timing needs further study. We have a slight preference for defining additional starting subframes for the UL grant transmission in order to keep the UL HARQ timing. 
3. Conclusion
This contribution discussed the manners to realize the uplink HARQ feedback. Our views and proposals are summarized as below.

Observation: Reusing MPDCCH for the UL HARQ feedback is the preferable way.
Proposal: The UL HARQ timing needs further study. We have a slight preference for defining additional starting subframes for the UL grant transmission in order to keep the UL HARQ timing. 
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